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mon electrically insulative light transmissive support.
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parallel files contain and are joined by a common light
transmissive first .electrode overlying and laterally
spaced on the support; an organic electroluminescent
medium overlies the first electrode, and the pixels in
each file of the other of the first or second set ofparallel
files contain and are joined by a laterally spaced com­
mon second electrode. The device, which is capable of
producing multicolor image display, is further charac­
terized in that each pixel in the frrst set of parallel files
is divided into at least two sub-pixels, the electrolumi­
nescent medium in each of the sub-pixels being capable
of emitting light of a different hue; parallel walls of a
height exceeding the thickness of the electrolumines­
cent medium and capable of shadowing adjacent sub­
pixels are positioned between the sub-pixels, and each of
the sub-pixels contains and is joined by an element of
the first or second electrode.
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ORGANIC ELECTROLUMINESCENT
MULTICOLOR IMAGE DISPLAY DEVICE

FIELD OF THE INVENTION

The invention is directed to an organic electrolumi­
nescent image display device and to a process for its
fabrication.

2
disclosed by Scozzafava et al produces only a mono­
chromatic image. In other words, all of the pixels that
luminesce appear of the same hue. An image display is
then limited to the patterns that can be produced by

5 stimulating selected pixels to luminesce while intention­
ally failing to stimulate other pixels.

SUMMARY OF THE INVENTION

In one aspect the invention is directed to a light emit-
RELATED PATENT APPLICAnON 10 ting device comprised ofan image display array consist-

Tang U.S. Ser. No. 07/814,553, flled concurrently ing ofa plurality oflight emitting pixels arranged in two
herewith and commonly assigned, titled ORGANIC intersecting sets of parallel flles, the pixels in a first set
ELECTROLUMINESCENT IMAGE DISPLAY of parallel flles forming columns and the pixels in a
DEVICE AND PROCESS FOR ITS FABRICA- second set of parallel flles forming rows. The pixels are
TION, discloses a device and a process for its prepara- 15 each located on a common electrically insulative light
tion in which walls are interposed between a support transmissive support. Each pixel in the same flle of one
and an organic EL medium to create a pattern of over- set of parallel flles contains and is joined by a common
lying electrodes. light transmissive first electrode means located on the

PRIOR ART support. The first electrode means in adjacent flles of
.. 20 the one set is laterally spaced on the support. An or-

. Scozzafava EP 349,265 (a patent applIcat10n pub- ganic electroluminescent medium overlies the first elec-
lI~hed by the Eur~pean Patent ?ffice on. Jan. 3, ,1990) trode means. Each pixel in the same flle of the remain-
d1sc!oses an orgamc elec~rolum~es?ent unage dIsplay ing set of parallel flles contains and is joined by a com-
dev1ce and a process for Its fabncat1on. mon second electrode means located on the organic

Scozzafava discloses a glass support bearing a series 25 electroluminescent medium and the second electrode
of .laterally spa<;:ed, parallel .indium tin <;>xide ano~e means in adjacent flles of the remaining set being later-
stnps. An org~mc electrolummescent medIum overlIes ally spaced on the organic electroluminescent mediUm.
th~ anode stnps. Late~ally spaced~ parallel cathode The light emitting device is characterized in that it is
st~ps, orthogonally onented re~at1ve to th~ anode capable of multicolor image display. The organic elec-
stnps, are formed over the orgamc electrolummescent 30 t l' t d' . h' I ~ tIt t
medium by depositing cathode forming metal as a con- ro u~l1nescen me mm m eac p1~e, 0J'?ls a eas. wo
tinuous layer followed by patterning. Patterning of the Sub-p1xel areas ~ch capab!e of emlttmg ~l~ht of a dlffer-
cathode layer into cathode strips is achieved by spin ent hue, each pI~el contains a .wall pos1tlOned alon~ a
coating a solution of monomeric negative-working pho- bound~ry separat~g two su~-p1xel areas, the w~l bemg
toresist in 2-ethoxyethanol solvent. The photoresist is 35 of a he~ght exceedm~ the th1ckness of the orgam~ elec-
imagewise exposed to UV radiation to produce a pat- tr~lummescent. medmm and ~apable of shad~Wtng an
tern of crosslinking, and uncrosslinked photoresist is adjacent sub-p1xel ~ea, and 10 each flle of plXels of a
removed by dipping the array in 2-ethoxyethanol for a ~le~t~d set.one of sa1d first and second electrode means
few seconds. This removes unexposed photoresist and IS d1v1ded 1Oto at least two laterally spaced elements
uncovers areas of the cathode layer. The uncovered 40 each join~ng su~-~ixel portions of the electrolumines-
areas of the cathode layer are removed by dipping the cent medmm w1thm the ~me ~le.. .
array in an acid etch bath consisting of 1000:1water:sul- In another ~pect ~he mv~nt!on 1S d~rected to.a pro-
furic acid solution. After producing the cathode strips ces~ of prepanng a lIght en:llt~1Og dev1ce c~mpnse.d of
by this procedure, the array is rinsed in water and spun an unage d1splay array cons1stmg of a plural1ty of plXels
to remove excess water. 45 arranged in two intersecting sets of parallel flles, the

pixels in a first set of parallel flles forming columns and
PROBLEM TO BE SOLVED the pixels in a second set of parallel flles forming rows,

Organic electroluminescent de~ices that emit light in the pixels each being located on a common electrically
response to an applied voltage and cease to emit light insulative light transmissive support, each pixel in the
when the applied voltage is removed constructed with 50 same flle of one set of parallel flles containing and being
an anode and cathode that are each unitary elements- joined by a common light transmissive first electrode
can be turned on and turned off, but lack an image means located on the support, the first electrode means
displa~ capability when used alone. When an organic in adjacent flles of the one set being laterally spaced on
electroluminescent device is given an image display the support, an organic electroluminescent medium
capability by patterning each of the anode and cathode 55 overlying the first electrode means, each pixel in the
into parallel strips that are relatively orthogonally ori- same flle of the remaining set of parallel flles containing
ented, the problem arises that the electrode element that and being joined by a common second electrode means
overlies the organic electroluminescent medium must located on the organic electroluminescent medium, and
be patterned after it is deposited. When this is under- the second electrode means in adjacent flles of the re-
taken by conventional wet chemistry patterning tech- 60 maining set being laterally spaced on the organic elec-
niques, specifically illustrated by Scozzafava, either or troluminescent medium, comprising (a) providing the
both the performance and useful operating life of the support with the laterally spaced first electrode means
imaging display is degraded as compared to a similar on its surface, (b) depositing the organic electrolumines-
organic electroluminescent device having a unitary cent medium on the supporting surface, and (c) forming
cathode and anode. Both organic electroluminescent 65 the second electrode means on the surface of the or-
medium and cathode degradation has been observed. ganic electroluminescent medium.

A second problem which the present invention over- The process is characterized in that the image display
comes is that employing an arrangement of the type array is fabricated with a multicolor display capability
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BRIEF DESCRIPTION OF THE DRAWINGS

3
by the steps of (i) forming on the support over the later­
ally spaced first electrode means prior to depositing the
organic electroluminescent medium a set of paralle~

walls, (ii) orienting a first source for the vapor deposi­
tion of a first portion of the organic electroluminescent 5
medium relative to the support surface at an angle that
interposes each wall between the source and an adja­
cent portion of the surface of the support, the first por­
tion of the organic electroluminescent medium being
selected to impart electroluminescence of a first hue in 10
the visible spectrum, (iii) selectively depositing the first
portion of the electroluminescent medium on the sur­
face of the support in areas other than those in which
the walls are interposed between the source and the
surface of the support, (IV) depositing a second portion 15
of the electroluminescent medium on the surface of the
support in areas of the support surface that are free of
the first portion of the electroluminescent medium, the
second portion of the electroluminescent medium being
selected to impart electroluminescence of a second hue 20
differing from each of the first hue, and (v) forming
each of the electrode means joining one set of files as at
least first and second laterally spaced electrode ele­
ments, the first electrode element in each me joining
areas of the pixels in the same me that contain the first 25
portion of the electroluminescent medium and the sec­
ond electrode element in each me joining areas of the
pixels that do not contain the first portion of the electro­
luminescent medium.

An advantage of the invention is that the organi,c 30
electroluminescent devices of the invention having an
image display capability can exhibit operating charac­
teristics comparable to those of otherwise similar or­
ganic electroluminescent devices lacking an image dis­
play capability. A further important advantage of the 35
invention is that the devices of the invention exhibit a
multicolor image display capability absent from other
conventional organic electroluminescent display de­
vices, such as those of Scozzafava et al, cited above.

The processes of the invention by which the image 40
display organic electroluminescent devices are fabri­
cated offer the advantage that both the electrolumines­
cent medium and the electrodes overlying the electrolu­
minescent medium can be initially deposited in their
desired pattern. Hence removal of either electrolumi- 45
nescent medium or electrode metal to form the desired
pattern of elements and the disadvantages attendant
such procedures are entirely eliminated.

50
FIG. 1 is a plan view with portions broken away of a

first embodiment of the invention;
FIGS. 2, 3 and 4 are sectional schematic diagrams of

two pixels of the first embodiment of the invention at
successive stages of fabrication; 55

FIG. 5 is a plan view with portions broken away of a
second embodiment of the invention;

FIG. 6 is a plan view ofa pixel of the second embodi­
ment of the invention;

FIGS. 7 and 8 are sectional views taken along section 60
lines 7-7 and 8-8, respectively, in FIG. 6;

FIG. 9 is a plan view with portions broken away of a
third embodiment of the invention;

FIGS. 10 to 14 inclusive are sectional schematic dia­
grams of one pixel of the third embodiment of the in- 65
vention at successive stages of fabrication;

FIG. 15 is a plan view with portions broken away of
a fourth embodiment of the invention;

4
FIG. 16 is a plan view ofa pixel of the fourth embodi­

ment of the invention;
FIGS. 17 and 18 are sectional views taken along

section lines 17-17 and 18-18, respectively, in FIG.
16.

Since device feature dimensions such as layer thick­
nesses are frequently in sub-micrometer ranges, the
drawings are scaled for ease of visualization rather than
dimensional accuracy.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The acronym EL is in some instances employed for
the term "electroluminescent". The term "pixel" is
employed in its art recognized usage to designate an
area of an image display array that can be stimulated to
luminesce independently ofother areas. The term "mul­
ticolor" is employed to describe image display arrays
that are capable of emitting light of a different hue in
different areas (sub-pixels) of the same pixel. The term
"full color" is employed to describe multicolor image
display arrays that are capable ofluminescing in the red,
green and blue regions of the visible spectrum in differ­
ent areas (SUb-pixels) ofa single pixel. The term "me" is
employed to designate a row or column. The term
"hue" refers to the intensity profile of light emission
within the visible spectrum, with different hues exhibit­
ing visually discernable differences in color.

Referring to FIG. 1, a portion of an organic EL de­
vice 100 is shown capable of producing a multicolor
image. The upper surface of a light transmissive, prefer­
ably transparent, electrically insulative support 101 is
shown bearing a series of light transmissive, preferably
transparent, first electrodes Rl, R2, R3, R4 and R5. The
first electrodes are laterally spaced on the support sur­
face for electrical isolation in parallel rows. In contact
with and overlying all but the left most extremities of
the first electrodes is an organic EL medium EL. Over­
lying the organic EL medium is a series of second elec­
trodes Cl, C2, C3, C4 and CS arranged in parallel col­
umns that are laterally spaced one from the other. The
second electrodes extend laterally beyond the lower (as
shown in FIG. 1) edge of the organic EL medium onto
the lower portion of the support. In each column the
electrode is divided into two parallel laterally spaced
elements aand b. While in practice the device can (and
in almost every instance will) have a much larger areal
extent than shown, the portion of the device shown is
sufficient to demonstrate its essential structure.

A grid of intersecting dashed lines are shown in FIG.
1 marking the boundaries of a series of pixels P. The
pixels are arranged in an array of two intersecting sets
of meso One set of files extends horizontally as shown in
FIG. 1 and forms rows while the second set of files
extends vertically as shown in FIG. 1 and forms col­
umns. The lower row of pixels in FIG. 1 each overlie
the first electrode Rl, and each successive row of pixels
overlies one of the successive first electrodes R2, R3,
R4 and RS.

Proceeding from left to right in FIG. 1, a first column'
of the pixels share the common overlying second elec­
trode Cl and successive columns of pixels similarly
share successive second electrodes. A column of pixels
C6 is shown in an area where overlying second elec­
trodes have been broken away for ease of viewing. In
column C6 the pixels are shown to be further divided
into sub-pixels PI and P2. In fact, each column of pixels
is similarly divided, although, for ease of viewing, this
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detail is not indicated in each pixel. The sub-pixels PI in exposed areas while unexposed areas can be removed
each column include the overlying a element of each by development and washing techniques. Crosslinking
second electrode while the sub-pixels P2 in each column by exposure produces strong, relatively rigid walls.
include the overlying b element of each second elec- Numerous alternative wall forming techniques are
trode. The sub-pixels PI and P2 differ in that they emit 5 possible. Instead ofbuilding up a thick photoresist layer
light of a differing wavelength intensity prof1le and are by successive spin coating steps, thicker photoresist
therefore different in hue. For example, sub-pixels PI layers can be formed on the support by laminating a
may be chosen to emit primarily one primary color (i.e., photoresist coating on a flexible support, such as trans-
blue, green or red) while the SUb-pixels may be chosen parent film, to the supporting surface. In this form the
to emit one of the other primary colors. 10 photoresist is typically a monomer that is polymerized

In operation a selected pattern of light emission from by imagewise exposure following lamination. After
the device 100 is produced that can be seen by viewing imagewise exposure stripping the fUm also removes the
the bottom surface of the transparent support 101. In a monomer in areas that are not exposed.
preferred mode of operation the device is stimulated to In another wall forming technique the photoresist
emit by sequentially stimulating one row of pixels at a 15 does not form the walls, but defines the wall pattern by
time and repeating the stimulating sequence at a rate its presence in areas surrounding the walls on the sup-
chosen so that the interval between repeated stimula- porting surface. Photoresist layer formation can take
tions of each row is less than the detection limit of the any of the forms described above, but imagewise expo-
human eye, typically less than about l/6Oth of a second. sure is chosen to leave the photoresist in the areas sur-
The viewer sees an image formed by emission from all 20 rounding the walls. Either a positive or negative work-
stimulated rows, even though the device at any instant ing photoresist can be employed. Subsequently a wall
is emitting light from only one row. forming material, such as silica, silicon nitride, alumina,

To create the desired image pattern, the a and b ele- etc., is deposited uniformly so that it overlies the photo-
ments of each of the second electrodes are indepen- resist where present and is deposited on the deposition
dently electrically addressed while the first electrode 25 surface in wall areas. After the walls are formed, the
Rl is electrically biased to support emission. If, for photoresist can be removed by any convenient conven-
example, only the emission hue of the sub-pixels PI is tional technique-e.g. solvent lift-off.
wanted and that in only the columns including second After forming the first walls 103 at the column
electrodes C2, C3 and C4, the a elements in these col- boundaries of pixel areas, a set of parallel second walls
umns are biased to support emission while the remain,- 30 105 are formed at the boundary centrally dividing each
ing second electrode elements are not electrically biased column of pixels into sub-pixels. Since the second walls
or given a bias of a polarity opposite that required to are lower in height than the first walls, they are formed
support emission. Immediately following emission in in a separate fabrication sequence, either before or after
the desired pattern from the row ofpixels joined by first forming the first walls. Anyone of the techniques de-
electrode Rl, a new pattern of stimulation is supplied to 35 scribed above for forming the first walls can, with ad-
the second electrode elements, and the first electrode justments to reflect differing wall heights, be used to
element R2 is next biased to stimulate the desired pat- form the second walls. The second walls are preferably
tern of emission from the row of pixels it joins. formed by a single spin casting of a negative working

In fabricating the device 100 the first step is to pro- photoresist.
vide the upper surface of the support 101 with the first 40 With the walls in place it is now possible to form the
electrodes R1, R2,R3, R4 and RS in the pattern shown organic EL medium and second electrode element por-
in FIG. 1. The most common choice is a glass support tions of the device in their desired patterns without
coated with indium tin oxide. Photoresist patterning resort to wet chemistry for removing materials and thus
followed by etching of the unprotected indium tin oxide degrading the efficiency and/or stability of the device.
areas with hydroiodic acid followed in tum by photore- 45 The fust patterning objective is to deposit a portion of
sist removal and rinsing provides the desired pattern of the organic EL medium responsible for a first hue of
first electrodes. Instead of employing indium tin oxide, emission over the fust electrodes in the PI sub-pixel
tin oxide or a similar electrically conductive transparent areas. This is accomplished by the vapor phase deposi-
oxide, the first electrode elements can be formed of thin, tion of the organic EL medium material from the direc-
light transmissive layers of any of the high (e.g., greater 50 tion indicated by the arrows 107. To accomplish deposi-
than 4.0 eV) work function metals. Chromium and gold tion as shown the surface'of the support is oriented in
mixtures are particularly contemplated for forming the relation to a source of the organic EL medium (not
fust electrodes. The support and first electrodes possess shown) so that the walls 103 are interposed between the
a high degree of chemical stability, allowing photoli- source and the portion of the frrst electrodes lying in the
thography to be conducted over their surfaces in subse- 55 sub-pixels P2. The useful areas 109 of the deposited
quent fabrication steps without degradation. organic EL medium overlie the first electrodes in sub-

Successive stages of fabrication of the device 100 are pixels Pl. The organic EL medium that is deposited on
shown in FIGS. 2 to 4 inclusive. A series of first walls the sides of the walls does not contribute to lumines-
103 intended to form parallel pixel column boundaries cence and is inactive.
are formed over the upper surface of the support and 60 Any convenient conventional directional (line of
the first electrodes. In these figures the walls are shown sight) deposition technique can be employed. Transport
at their intersection with the first electrode R1. In a of the organic medium is preferred in a vapor phase
simple, specifically preferred technique the walls 103 through a reduced pressure atmosphere to increase the
are formed by spin coating a negative working photore- mean free path of vapor phase atoms, thereby minimiz-
sist onto the deposition surface. The spin coating proce- 65 ing scattering and maintaining deposition in a direction-
dure can be repeated after drying to increase the thick- ally controlled manner. Generally the pressure of the
ness of the photoresist layer, if desired. Patterned expo- ambient atmosphere during deposition is reduced so
sure crosslinks the photoresist to an insoluble form in that the spacing between the source and the intended
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deposition surface is less than the mean free travel path
of the organic EL medium molecules (that is, less than
the distance an organic EL medium molecule travels on
average before striking another vapor phase molecule).
Conventional deposition techniques compatible with 5
the directional transport requirements include any form
of molecular beam deposition-e.g., vacuum vapor
deposition, electron beam deposition, or laser ablation.

The next step of the fabrication process is to deposit
a second portion of the organic EL medium responsible 10
for a second hue of emission over the first electrodes in
the P2 sub-pixel areas. The useful areas 111 of the sec­
ond portion of the organic EL medium are the areas of
the SUb-pixels P2 that did not receive the first portion of
the organic EL medium. Hence the desired pattern of 15
second hue emission has already been defmed by the
deposition of the fIrSt portion of the organic EL me­
dium, allowing the second portion of the organic EL
medium to be uniformly deposited over all surfaces, as
indicated by arrows 113. Deposition can be from a di- 20
rection normal to the upper support surface or can be
done in a non-directional manner. In areas in which the
fIrst portion of the organic EL medium overlies the first
electrodes and the second portion of the organic EL
medium overlies the fIrst portion the hue of emission is 25
controlled entirely by the first portion of the organic
EL medium and is not significantly different than that
which occurs when the second portion of the organic
EL medium is absent. The portion of the organic EL
medium that is nearest the fIrst electrode controls the 30
hue of emission.

Following deposition of the organic EL medium, a
source is provided for the metals used for deposition of
the second electrode elements. For efficient organic EL
devices the second electrode elements require metal 35
having a lower (less than 4.0 eV) work function to be in
contact with the organic EL medium. One or more low
work function metals alone or combination with one or
more higher work function metals can be deposited on
the organic EL medium by any convenient directional 40
(i.e., line of sight) transport technique. To insure linear
transport from their source to the organic EL medium
surface the metal atoms are preferably transported
through a reduced pressure atmosphere. Generally the
same considerations apply as those described above for 45
the directional deposition of the organic EL medium.
Any convenient conventional directional deposition
technique can be employed. In addition those deposi­
tion techniques mentioned above in connection with
directional deposition of the organic EL medium, the 50
metal can be directionally deposited by ion beam depo­
sition or sputtering. Directional deposition of metal is
shown in FIG. 4 by arrows 115.

To achieve a deposition pattern of the second elec­
trode elements in laterally spaced pairs a and b as shown 55
in FIG. 1 the surface of the support is positioned in
relation to the source of metal to be deposited so that
each wall is interposed between the source and an adja­
cent portion of the surface of the organic EL medium.

. When deposition is undertaken in such an orientation 60
the interposed portions of the walls intercept metal
traveling from the source, thereby preventing metal
deposition on the organic EL medium on one side of
each wall. This provides the spacing between adjacent
elements of the second electrodes. 65

Note that the angle 82 employed for metal deposition
is significantly less than the angle 81 employed for depo­
sition of the organic EL medium. The angle 81 is chosen

8
to insure shadowing of an entire sub-pixel width,
whereas the smaller angle 82 need only be sufficient to
achieve lateral electrical isolation of adjacent second
electrode elements.

Deposition of low « 4.0 eV) work function metal,
alone or in combination of one or more higher work
function metals, requires only that a continuous layer
containing the low work function metal be deposited to
achieve maximum efficiency of electron injection into
the organic EL medium. However, it is preferred to
increase the thickness of the second electrodes beyond
the 200 to soo A thickness levels contemplated to pro­
vide a continuous layer. Although thick electrodes of
up to 1 p.m or even higher can be formed using the
original metal composition, it is generally preferred to
switch deposition after initial formation of continuous
layers containing low work function metal so that only
relatively higher work function (and hence less chemi­
cally reactive) metals are deposited. For example, an
initial continuous layer of magnesium (a preferred low
work function metal) and silver, indium or aluminum
would preferably be increased in thickness for the pur­
pose of reducing second electrode element reSistance by
depositing a convenient higher work function metal
commonly used in circuit fabrication, such as gold,
silver, copper and/or aluminum. The combination of a
lower work function metal at the interface of the or­
ganic EL medium and a higher work function metal
completing the thickness of the overlying second elec­
trode elements is particularly advantageous, since the
higher electron injection efficiencies produced by a
lower work function metal are fully realized even
though the lower work function metal is limited to the
second electrode element interface with the organic EL
medium while the presence of the higher work metal
increases the stability of the second electrode elements.
Hence, a combination of high injection efficiency and
high electrode element stability is realized by this ar­
rangement.

In the foregoing description the organic EL medium
is described in its simplest possible form. That is, the
fIrst portion 109 and second portion 111 of the organic
EL medium can take any of the various conventional
forms used to construct conventional devices contain­
ing a single organic EL medium layer. More efficient
operation is realized when the organic EL medium in
each active sub-pixel area contains superimposed layers.
In efficient conventional multilayer organic EL devices
a hole injecting and transporting zone is coated over a
hole injecting electrode and is in turn overcoated with
an electron injecting and transporting zone, which is in
turn overcoated by an electron injecting electrode. For
higher efficiencies the hole injecting and transporting
zone can be further sub-divided into a hole injecting
layer in contact with the hole injecting electrode ~d a
hole transporting layer overlying the hole injecting
layer. The electron injecting and transporting zone
contains a luminescent layer contacting the hole inject­
ing and transporting zone. In at least one set of sub-pix­
els the luminescent layer can form the entire electron
injecting and transporting zone. In other sub-pixel areas
the material forming the luminescent layer in an adja­
cent set of sub-pixels overlies a layer formed of a differ­
ent luminescent material, with the overlying material,
being separated from the hole injecting and transporting
zone, not directly receiving holes and hence not con­
tributing to luminescence. In still another variation a
material forming a luminescent portion of the electron
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injecting and transporting zone can be overcoated with imaging preferred sub-pixel widths are in the range of
a more efficient electron transporting material. Thus, from about 200 to 20 p.m, most preferably from 100 to
two, three, four or even more layer sequences of or· 25 p.m. Directional deposition of the organic EL me-
ganic EL medium are commonly present in these more dium to defme sub-pixel areas is generally feasible for
efficient organic EL devices. S 81 angles of from 10· to 70·, most preferably from about

In applying these conventional organic EL medium 30· to 60·. When 81 is 45·, the height of the walls 103
layer sequences to the practice of this invention each equals the widths of the sub-pixels. When 81 is 60·, the
layer other than one layer from which luminescence height of the walls 103 need only slightly exceed 100
occurs can be deposited uniformly. For example, to p.m in height to produce sub-pixel widths of 200 p.m. It
construct an organic EL device in which a hole inject- 10 is generally preferred that the walls 103 be limited to
ing and transporting zone underlies a luminescent layer 150 p.m or less in height.
the organic EL medium forming the hole injecting and The walls 103 and 105 can be formed in any width
transporting zone is first deposited uniformly over the convenient for their formation. Ratios of wall height to
flIst electrode Rl by nondirectional depositio~ or nor· width in the range of from 5:1 to 1:1 are readily
mal deposition (the direction of arrows 113). The flIst IS achieved and generally preferred. It is contemplated
and second portions 109 and 111 of the organic EL that the active (i.e., the light emitting) portion of each
medium are then deposited as shown in FIGS.· 2 and 3 pixel will account for at least 25% and optimally at least
over the uniformly deposited hole injecting and trans- 50% of the total pixel area. For pixels larger than about
porting zone. Luminescence of two different hues still 4OOp.m on an edge the width of the walls rarely ac-
occurs from the flIst and second portions, except that 20 counts for a significant fraction of the total pixel area.
the efficiency of the device is improved by the presence Although the multicolor image display device 100
of the hole injecting and transporting zone interposed fully satisfies the requirements of the invention, the
between the portions 109 and 111 and the flISt elec- device exhibits some disadvantages. First, referring to
trodes. Further improvement in the organic EL device FIG. 1, it is apparent that in successively biasing each
can be achieved by uniformly coating an electron in- 2S flISt electrode it must carry current to each of the pixels
jecting layer over the active portions 109 and 111 prior in the same row that is to emit light. Hence, the current
to depositing the second electrode elements a and b. carried by each flIst electrode is the sum of the currents

Even when the organic EL medium is formed of carried by each of the second electrode elements in
superimposed layers to achieve higher efficiencies the stimulating a row of pixels to emit light. The disadvan-
thickness of the organic EL medium is in all instances 30 tage of this arrangement is that the first electrodes must
less than 1 p.m and, more typically, less than 5000 A.. be light transmissive for light emissions to be seen and
The individual layers of the or$anic EL medium can their thicknesses must be limited to retain this property.
exhibit thicknesses as low as 50 A while achieving satis- However, limiting first electrode thickness also limits
factory device performance. It is generally preferred conductance.
that individual layers of the organic EL medium have a 3S If the pixels are addressed successively in columns
thickness in the range offrom 100 to 2000 A. and that the rather than rows, each of the second electrode elements
overall thickness of the organic EL medium be at least a and b must carry the current of all pixels in the same
1000 A.. column. Although the thickness of the second electrode

The walls 103 and 105 are each of a height that ex- elements can and usually does exceed that of the flISt
ceeds the overall thickness of the organic EL medium. 40 electrodes, the width of the second electrode elements
The sole function of the walls 105 is to provide a lateral must be less than the width of a sub-pixel. As a conse-
separation between the second electrode elements a and quence, the conductance of the second electrode ele-
b. Therefore the height of the walls 105 is usually ments is also restricted. Further, addressing the pixels
chosen to be a convenient minimum for the wall forma- column by column is unattractive, since in an array
tion technique employed. For walls 105 formed from a 4S having an equal number of pixels in columns and rows
spin on photoresist coating a convenient height is typi- the addressing rate for columns must be twice that em-
cally in the range offrom about 1 to 10 p.m and typically ployed for rows, since each column contains two sec-
from about 2 to 20 times the overall thickness of the ond electrode elements. Since the time in which the
organic EL medium. A spacing of the second electrode sub-pixels in a column can be biased to· emit light is
elements a and b that reliably electrically separates SO halved, the biasing voltage must be increased as com-
these electrodes along the walls 105 can be achieved by pared to row addressing to maintain a sub-pixel cou-
employing 82 addressing angles that are preferably in lomb level and emission level during biasing equal to
the range of from 5· to 20·. Larger values of 82 also that obtained with row by row addressing. Increased
provide reliable spacing, but are generally not pre- biasing voltages and doubled addressing rates for com-
ferred, since they reduce the active area emission area SS parable emission properties represent a significant dis-
within each pixel to the extent that the spacing between advantage.
the adjacent second electrode elements a and b within Another disadvantage of the device 100 is that the
the same pixel is increased beyond the minimum re- walls 103 and 105 being of unequal heights must be
quired spacing for electrical isolation. formed in separate steps.

The preferred height of the walls 103 is determined 60 The multicolor organic EL image display device 200
by the width of the sub-pixels and the angle 81 em- shown in FIG. 5 exhibits all of the imaging capabilities
ployed for directional deposition of the organic EL of the device 100 while at the same time overcoming its
medium. The present invention is generally applicable disadvantages noted above. Except as specifically
to the formation of individual pixels in the numbers and noted, the features of the device 200 can take any of the
sizes within conventional ranges. Smaller edge length 6S forms described in connection with the device 100 and
pixels require greater care in construction. Pixels hav- therefore require no further explanation.
ing overall edge lengths of up to about 400 p.m are The first electrodes CI0, Cll, C12, C13, C14, CIS,
contemplated for fine detail imaging. For fine detail C16 and C17 of device 200 are each divided into ele-
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ments c and d. The first electrode elements c and d have insulative pad is preferably less than I JLm and most
the light transmissive properties of the first electrodes preferably less than 5000 A in thickness. Although any
of device 100 and, like the first electrodes of device 100, convenient insulative material can be employed to form
are located on the support 101 prior to depositing the the insulative pad, silica is an ideal insulator, for this
organic EL medium. Each first electrode element c 5 purpose. Patterning of the insulative pad can be under-
forms a part of and joins sub-pixels PI in the same col- taken by any convenient technique, preferably by con-
umn while each first electrode element d forms a part of ventional photolithography. Each insulative pad, as
and joins sub-pixels P2 in the same column. The second shown, is positioned at the boundaries of the adjacent
electrodes RIO, R11 and R12 can be constructed of the rows of pixels and extends over the contiguous areas of
same materials and in the same thickness ranges as the 10 gap 01, one of the walls 205 and gap 02. In fact, it is
second electrode elements of device 100,. but are ar- necessary for the insulative pad to occupy only the area
ranged in rows rather than columns. The row arrange- of gap 02 to prevent unwanted electroluminesce and
ment allows the second electrodes to be wider than the this only in the areas of sub-pixels P2. It is, however,
second electrodes of device 100. simpler to construct the insulative pad as a continuous

The electrode arrangement of the device 200 15 stripe that crosses both the sub-pixels PI and P2. In
achieves higher electrode conductances than can be crossing. sub-pixels PI the active area of each of these
realized in device 100. In addressing a row of pixels sub-pixels is reduced to area P2A. Thus the active areas
each of the frrst electrode elements c and d is biased of the sub-pixels are equal and balanced.
independently to achieve the desired pattern ofemission It is preferred to incorporate the insulative pads in the
from the pixels in one row. Simultaneously one of sec- 20 device 200 when constructed as shown. The insulative
ond electrodes is biased to stimulate emission within a pads are not, however, required. Even with the insula-
selected row. Each ofthe first electrode elements stimu- tive pads absent in the areas of gap 02 the vertical
lates only one sub-pixel and carries only the current of spacing between the frrst electrode elements and the
one sub-pixel. The second electrode in the selected row overlying second electrode is increased as compared to
carries the current of all the sub-pixels stimulated to 25 active sub-pixel areas by the presence of both organic
emit in that row. Since the second electrodes need not EL medium portions 209 and 211. This reduces the
be light transmissive and, hence, can be much thicker as potential gradient between the electrodes in these areas
well as wider than the first electrode elements, the con- and results in diminished electroluminescence. Hence
ductance of the electrodes of device 200 can be higher emission hue from sub-pixels P2, though to some extent
than that of the electrodes of device 100. In device 200 30 shifted by unwanted emission from the gap 02, is still
these conductance advantages are realized without re- acceptable for less demanding imaging applications.
sorting to a column by column scanning approach de- In FlO. 7 the second electrode R11 is shown joining
scribed in connection with device 100 that requires a adjacent pixels in the same row. Note that there is no
doubled scanning rate. wall corresponding to wall 105 shown in FlO. 7. The

The construction of one of the pixels P of the device 35 function of walls 105 in device 100 is performed by
200 is shown in FIOS. 6, 7 and 8. Walls 205 are located walls 205, and is apparent from FlO. 8. The metal form-
along the boundaries of pixels in adjacent rows, each ing the second electrode R11 is directionally deposited
wall being shared by an entire row. Walls 203 are 10- as indicated by arrow 215 at an angle 83. Since the
cated at the column boundaries of each pixel and be- height of walls 205 equal to that of walls 103, the walls
tween the first electrode elements c and d of adjacent 40 are greater in height than the walls 105 and the angle 83
pixels. The walls 203 are spaced from one adjacent wall equal to or even smaller than the angle 82. It is generally
205 by a short distance or gap 01 and are spaced from preferred that 83 be at least 5°.
the remaining adjacent wall 205 by a significantly larger The gap 01 between the walls at column and row
distance or gap 02. boundaries results in each second electrode being later-

The walls 203 perform the same function as the walls 45 ally spaced from adjacent second electrodes throughout
103 during deposition of the organic EL medium. Dur- the length of each row. The gap 02 provides a intersec-
ing deposition of a first portion 209 of the organic EL tion boundary between pixels in the same row that is
medium using the same procedure described above in free of the walls and can therefore be traversed by the
connection with first portion 109, deposition occurs in second electrodes with increased assurance of electrical
all areas of the pixel, except the area P2A, which is the 50 continuity. The metal overlying the walls is more prone
active area of sub-pixel P2. The second portion 211 of to local electrical discontinuities due to the short radius
the organic EL medium is deposited similarly as second of curvature of the wall edges. If, however, electrical
porti9n 111. For simplicity the portions of the organic continuity of the metal overlying the walls is found to
EL medium that are deposited on the walls and hence be satisfactory for a particularly selection of second
perform no useful function are not shown in this or 55 electrode constructions, the gap 02 can be entirely
subsequently described embodiments. eliminated which in turn allows the elimination of the

Note that the active area P2A of the sub-pixel P2 is insulative pads 207. This increases the active areas of
slightly less than in device 100, since the spacing be- the sub-pixels. It also allows the walls 203 to intersect
tween the walls at row and column boundaries leaves the wall 205 in each pixel area that would otherwise be
areas that are the width of gaps 01 and 02 from which 60 separated by gap 02. This has the effect of laterally
the first portion 209 of the organic EL medium cannot bracing the walls and reducing the risk of inadvertent
be excluded within the sub-pixel P2 area. To prevent wall damage during fabrication.
unwanted electroluminescence of the hue of the first A significant advantage of the device 200 construc-
portion of the organic EL medium in the area of the gap tion is that all of the walls can be of the same height and
02 an insulative pad 207 is formed in the gap areas after 65 therefore can be fabricated concurrently. This simplifies
the first electrode elements are formed on the support fabrication.
and before forming the walls. The insulative pads can be The multicolor organic EL image display devices 100
formed by any convenient thin insulative layer. The and 200 can contain a variety of image color combina-
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tions. In each pixel the following combinations are pos- the third portion 312 is the nearest luminescent material
sible: to the frrst electrode Rl and controls the hue of emis-

(a) only the first sub-pixel emits light of a first hue; sion.
(b) only the second sub-pixel emits light of a different Referring to FIG. 14, formation of the second elec-

hue; 5 trode elements e, f and g connecting the first, second
(c) both the first and second sub-pixels emit light and third sub-pixels in each column is undertaken by the

which the eye blends to create a perception of seeing a same procedure described in connection with FIG. 4.
third hue; The arrow 315 indicates the direction of deposition.

(d) neither of the sub-pixels emit, creating a black The device 300 exhibits all of the advantages of the
background for emissions in other pixels. Thus, with 10 device 100 and in addition has the capability of full
sub-pixels capable of emitting only two hues a diversity color imaging. Employing blue, green and red primary
of image hues are possible. color emissions, the following emission combinations

Nevertheless, the multicolor devices 100 and 200 lack are possible from each pixel:
the ability to display images in the full range of hue (a) stimulate one sub-pixel to emit blue;
combinations perceptible to the human eye. To have the 15 (b) stimulate one sub-pixel to emit green;
capability of full color image display it is necessary for (c) stimulate one sub-pixel to emit red;
each the pixels to be divided into at least three sub-pix- (d) stimulate two sub-pixels to emit blue and green,
els each having the capability of emitting a different one creating the perception of cyan;
of the three additive primary colors. Blue, green and
red triads of primary emission colors are most com- 20 (e) stimulate two sub-pixels to emit blue and red,
monly employed for full color image display. creating the perception of magenta;

Multicolor organic EL image display devices 300 and (t) stimulate two sub-pixels to emit green and red,
400 illustrate device constructions according to the creating the perception of yellow;
invention that have full color image display capabilities. (g) stimulate all sub-pixels to create white light emis-
Devices 300 and 400, as shown in FIGS. 9 and 15, are 25 sion; and
essentially similar to devices 100 and 200, respectively, (h) stimulate none of the sub-pixels to provide a dark,
as shown in FIGS. 1 and 5, except that each pixel P is essentially black background.
sub-divided into three sub-pixels PI, P2 and P3, each of A pixel P of the full color organic EL medium image
which is capable of emitting at a peak wavelength in a display device 400 is shown in FIGS. 16 to 18 inclusive.
different one of the blue, green and red portions of the 30 Walls 405 are located along the row boundaries of the
spectrum. Because each pixel is sub-divided into three pixels, each wall being shared by adjacent rows of pix-
sub-pixels instead of two, the two second electrode els. Walls 4030 are located at the column boundaries of
elements a and b in device 100 are replaced by three each pixel and between the first electrode elements h
second electrode elements e, f and g in device 300. and j of adjacent pixels. An additional wall 403b is 10-
Similarly, the first electrode elements c and d in device 3S cated within the pixel at the boundaries ofthe sub-pixels
200 are replaced by three first electrode elements h, i P2 and P3. The walls 403a and 403b are spaced from
and j in device 400. one adjacent wall 405 by a short distance or gap Gl and

The construction of the device 300 is, except as spe- are spaced from the remaining adjacent wall 405 by a
cifically noted, similar to that employed for construct- significantly larger distance or gap G2.
ing the device 100. Fabrication of device 100 is illus- 40 During deposition ofa first portion 409 of the organic
trated by FIGS. 10 to 14 inclusive. Walls 303a and 303b EL medium by the procedure used to form the first
can be identical to walls 103. Like walls 103 the walls portions 109 and 209, deposition occurs in all areas of
303a are located at the boundaries of adjacent pixels. the pixel, except the areas P2A and P3A, which are the
The walls 303b are located at the P2 and P3 sub-pixel active areas ofpixels P2 and P3, respectively. In areas of
boundaries. The walls 305 are similar to walls 105 and 4S the gaps Gl and G2 the first portion overlies the insula-
are located at the shared boundaries of sub-pixels PI tive pads 407, thereby limiting the first sub-pixel to
and P2. active area PIA. The second and third portions 411 and

When a first portion 309 of the organic EL medium is 413 of the organic EL medium are deposited in the
deposited in the first sub-pixel areas PI overlying the active sub-pixel areas P2A and P3A, respectively, simi-
frrst electrode Rl, it is deposited at an angle 61 in direc- SO larly as the second and third portions 311 and 312, pre-
tion indicated by arrows 307a. Note that the walls 3030 viously described. The deposition of the second elec-
and 303b prevent deposition over the first electrodes in trode R11 is the same as described in connection with
the sj:cond and third sub-pixel areas, but the shorter device 200, as indicated by directional deposition arrow
wall 305 allows the desired deposition of the first por- 415 and deposition angle 63·
tion of the organic EL medium in the first sub-pixel 55 The device 400 has all of the advantages of the device
areas. The deposition pattern is shown in FIG. 11. 200 and in addition has the capability of producing full

Referring to FIG. 12, a second portion 311 of the color images of device 300.
organic EL medium responsible for a second primary The materials of the image display organic EL de-
color of emission is selectively deposited in the second vices of this invention can take any of the forms of
sub-pixels P2 simply by reversing the angle of direc- 60 conventional organic EL devices, such as those of
tional deposition to -61 as indicated by arrows 307b. Scozzafava, cited above; Tang U.S. Pat. No. 4,356,429;

Referring to FIG. 13, a third portion 312 of the or- VanSlyke et al U.S. Pat. No. 4,539,507; VanSlyke et al
ganic EL medium responsible for a third primary color U.S. Pat. No. 4,720,432; Tang et al U.S. Pat. No.
of emission is uniformly deposited as indicated by ar- 4,885,211; Tang et al U.S. Pat. No.4,769,292; Perry et al
rows 313. In the first and second sub-pixels the third 65 U.S. Pat. No. 4,950,950; Littman et al U.S. Pat. No.
portion of the organic EL medium overlies the previ- 5,059,861; VanSlyke U.S. Pat. No. 5,047,687; Scoz-
ously deposited portions and is ineffective to alter the zafava et al U.S. Pat. No. 5,073,446; VanSlyke et al U.S.
hue of emission in these areas. In the third sub-pixels P3 Pat. No. 5,059,862; VanSlyke et al U.S. Pat. No.
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(II)

(I)

wherein
Q is -N= or -C(R)=;

M is a metal, metal oxide, or metal halide;
R is hydrogen, alkyl, aralkyl, aryl, or alkaryl, and
Tl and T2 represent hydrogen or together complete a

unsaturated 6 membered ring, which can include sub­
stituents, such as alkyl or halogen. Preferred alkyl moi- 60
eties contain from about 1 to 6 carbon atoms while
phenyl constitutes a preferred aryl moiety.

In an alternative preferred form the porphyrinic com­
pounds differ from those of structural formula (I) by 65
substitution of two hydrogens for the metal atom, as
indicated by formula (II):

5,061,617; the disclosures of which are here incorpo­
rated by reference.

A specifically preferred support for the devices of the
O

invention is a transparent glass support. The preferred S

first electrodes of the devices of this invention are trans­
parent indium tin oxide electrodes coated directly on
the glass support.

The organic EL medium coated over the first elec- 10
trodes is preferably made up ofa sequence of superim­
posed layers. Of these layers only one or two of the
layers specifically responsible for electroluminescence
need be deposited in an areally restricted manner as 15
described above. It is, of course, recognized that the
techniques and arrangements described above for pat- Highly preferred examples of useful porphyrinic
terning the electroluminescent portion of the organic compounds are metal free phthalocyanines and metal

. . . 20 containing phthalocyanines. While the porphyrinic
EL medium can be used for the depositIOn of other compounds in general and the phthalocyanines in par-
layer portions of the organic EL medium, if desired. ticular can contain any metal, the metal preferably has a

It is specifically preferred to deposit as a uniform positive valence of two or higher. Exemplary preferred
layer over all areas in which the organic EL medium metals ar~ cobalt, magnesium, zinc, pa~ladium, nickel,

o. . 25 and, particularly, copper, lead, and platmum.
contacts the first electrodes a hole mJectmg layer com- Illustrative of useful porphyrinic compounds are the
prised of a porphyrinic compound of the type disclosed following:
by Adler U.S. Pat. No. 3,935,031 or Tang U.S. Pat. No. PC-I Porphine .
4356429 th d· I f h' h h' PC-2 1,1O,15,20-Tetraphenyl-21H,23H-porphme cop-

, , , e ISC osures 0 w IC are ere mcorpo- 30 per (II)

rated by reference. PC-3 1,10,15,20-Tetraphenyl-21H,23H--porphine zinc
Preferred porphyrinic compounds are those of struc- (II)

tural formula (I): PC-4 5,1.0,15,20-Tetrakis(pentafluorophenyl)-2IH,23H-
porphine

35 PC-5 Silicon phthalocyanine oxide
PC-6 Aluminum phthalocyanine chloride
PC-7 Phthalocyanine (metal free)
PC-8 Dilithium phthalocyanine

40 PC-9 Copper tetramethylphthalocyanine
PC-10 Copper phthalocyanine
PC-II Chromium phthalocyanine fluoride
PC-12 Zinc phthalocyanine
PC-13 Lead phthalocyanine

45 PC-14 Titanium phthalocyanine oxide
PC-15 Magnesium phthalocyanine
PC-16 Copper octamethylphthalocyanine

In preferred constructions of devices according to
the invention a hole transporting layer. is uniformly

50 deposited over the hole injecting layer. The hole trans­
porting layer preferably contains at least one hole trans­
porting aromatic tertiary amine, where the latter is
understood to be a compound containing at least one
trivalent nitrogen atom that is bonded only to carbon

55 atoms, at least one of which is a member of an aromatic
ring. In one form the aromatic tertiary amine can be an
arylamine, such as a monoarylamine, diarylamine, triar­
ylamine, or a polymeric arylamine. Exemplary mono-
meric triarylamines are illustrated by Klupfel et al U.S.
Pat. No. 3,180,730. Other suitable triarylamines substi­
tuted with vinyl or vinylene radicals and/or containing
at least one active hydrogen containing group are dis­
closed by Brantley et al U.S. Pat. Noso 3,567,450 and
3,658,520.

A preferred class of aromatic tertiary amines are
those which include at least two aromatic tertiary amine
moieties. Such compounds include those represented by
structural formula (III):
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wherein
Are is an arylene group,
n is an integer of from 1 to 4, and
Ar, R7, R8, and R9 are independently selected aryl

groups. 55
The various alkyl, alkylene, aryl, and arylene moi­

eties of the foregoing structural formulae (III), (IV),
(V), and (VI) can each in turn be substituted. Typical
substituents including alkyl groups, alkoxy groups, aryl
groups, aryloxy groups, and halogen such as fluoride, 60
chloride, and bromide. The various alkyl and alkylene
moieties typically contain from about 1 to 5 carbon
atoms. The cycloalkyl moieties can contain from 3 to
about 10 carbon atoms, but typically contain five, six, or
seven ring carbon atoms-e.g., cyclopentyl, cyclo- 65
hexyl, and cycloheptyl ring structures. The aryl and
arylene moieties are preferably phenyl and phenylene
moieties.

18
Representative useful aromatic tertiary amines are

(III) . disclosed by Berwick et al U.S. Pat. No. 4,175,960 and
Van Slyke et al U.S. Pat. No. 4,539,507. Berwick et al in
addition discloses as useful hole transporting com­

5 pounds N substituted carbazoles, which can be viewed
as ring bridged variants of the diaryl and triarylamines
disclosed above.

Following the teachings of VanSlyke et al U.S. Pat.
No. 5,061,569, it is possible to achieve higher organic

10 device stabilities both during short term and extended
operation by substituting for one or more of the aryl
groups attached directly to a tertiary nitrogen atom in
the aromatic tertiary amines described above an aro-
matic moiety containing at least two fused aromatic

15 rings. The best combination of both short term (0-50
hours) and long term (0-300+ hours) of operation are
achieved when the aromatic tertiary amines are those
which (1) are comprised of at least two tertiary amine
moieties and (2) include attached to a tertiary amine

.20 nitrogen atom an aromatic moiety containing at least
two fused aromatic rings. The fused aromatic ring moi­
eties of the tertiary amines can contain 24 or more car­
bon atoms and preferably contain from about 10 to 16
ring carbon atoms. While unsaturated 5 and 7 mem­
bered rings can be fused to six membered aromatic rings
(i.e., benzene rings) to form useful fused aromatic ring
moieties, it is generally preferred that the fused aro­
matic ring. moiety include at least two fused benzene

30 rings. The simplest form of a fused aromatic ring moiety
containing two fused benzene rings is naphthalene.
Therefore, the preferred aromatic ring moieties are
naphthalene moieties, where the latter is understood to
embrace all compounds containing a naphthalene ring

35 structure. In monovalent form the naphthalene moieties
are naphthyl moieties, and in their divalent form the

wherein RS and R6 are independently selected aryl naphthalene moieties are naphthylene moieties.
groups. Illustrative of useful aromatic tertiary amines are the

Another preferred class of aromatic tertiary amines following:
are tetraaryldiamines. Preferred tetraaryldiamines in- 40 ATA-II, I-Bis(4-di-p-tolylaminophenyl)cyclohexane
clude two diarylamino groups, such as indicated by ATA-2 I,I-Bis(4-di-p-tolylaminophenyl)-4-phenylcy-
formula (IV), linked through an arylene group. Pre- clohexane
ferred tetraaryldiamines include those represented by ATA-3 4,4"'.BisCdiphenylamino)quaterphenyl
formula (VI). ATA-4 Bis(4-dimethylamino-2-methylphenyl)-

45 phenylmethane
(VI) ATA-5 N,N,N-Tri(p-tolyl)amine

ATA-6 4-(di-p-tolylamino)-4'-[4(di-p-tolylamino)-
styryl]stilbene

ATA-7 N,N',N'-Tetra-p-tolyl-4,4'-diaminobiphenyl
50 ATA-8 N,N,N',N'-Tetraphenyl-4,4'-diaminobiphenyl

ATA-9 N-Phenylcarbazole
ATA-lO Poly(N-vinylcarbazole)
ATA-II 4,4'-Bis[N-(l-naphthyl)-N-phenylamino]biphe­

nyl
ATA-I2 4,4"-Bis[N-(l-naphthyl)-N-phenylamino]-p­

terphenyl
ATA-13 4,4'-Bis[N-(2-naphthyl)-N-phenylamino]biphe­

nyl
ATA-I4 4,4'-Bis[N-(3-acenaphthenyl)-N-

phenylamino]biphenyl
ATA-I5 I,S-Bis[N-(l-naphthyl)-N-phenylamino]naph­

thalene
ATA-I6 4,4'-Bis[N-(9-anthryl)-N-phenylamino]piphe­

nyl
ATA-I7 4,4"-Bis[N-(I-anthryl)-N-phenylamino]-p-ter­

phenyl
ATA-I8 4,4'-Bis[N-(2-phenanthryl)-N-phenylamino]­

biphenyl

where
RI and R2 each independently represents a hydrogen

atom, an aryl group or alkyl group or RI and R2 to­
gether represent the atoms completing a cycloalkyl
gr~~ ~

R3 and R4 each independently represents an aryl
group which is in turn substituted with a diaryl substi­
tuted amino group, as indicated by structural formula
(V):

wherein
QI and Q2 are independently aromatic tertiary amine

moieties and
G is a linking group such an arylene, cycloalkylene,

or alkylene group or a carbon to carbon bond.
A particularly preferred class oftriarylamines satisfy­

ing structural formula (III) and containing two triaryl­
amine moieties are those satisfying structural formula
(IV):



(VIII)(RS-Qh-A1-Q-L

20
disclosed by VanSlyke et al U.S. Pat. No. 5,150,006. In
a specifically preferred form the mixed ligand aluminum
chelates therein disclosed include bis(Rs-S­
quinolinolato)(phenolato)aluminum(III) chelate, where
Rs is a ring substituent of the S-quinolinolato ring nu­
cleus chosen to block the attachment of more than two
8-quinolinolato ligands to the aluminum atom. These
compounds can be represented by the formula:

10
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4,4'-Bis[N-(2-perylenyl)-N-phenylamino]-

4,4'-Bis[N-(l-coronenyl)-N-phenylamino]-

19
ATA-19 4,4'-Bis[N-(8-fluoranthenyl)-N-phenylamino]­

biphenyl
ATA-20 4,4'-Bis[N-(2-pyrenyl)-N-phenylamino]biphe­

nyl
ATA-21 4,4'-Bis[N-(2-naphthacenyl)-N-phenylamino]- 5

biphenyl
ATA-22

biphenyl
ATA-23

biphenyl
ATA-24 2,6-Bis(di-p-tolylamino)naphthalene
ATA-2s 2,6-Bis[di-(l-naphthyl)amino]naphthalene where
ATA-26 2,6-Bis[N-(l-naphthyl)-N-(2-naphthyl)amino]- Q in each occurrence represents a substituted 8-

naphthalene quinolinolato ligand,
ATA-274,4"-Bis[N,N-di(2-naphthyl)amino]terphenyl 15 Rs represents an 8-quinolinolato ring substituent
ATA-28 4,4'-Bis{N-phenyl-N-[4-(l-naphthyl)phenyl- chosen to block sterically the attachment of more than

]amino}biphenyl
ATA-29 4,4'-Bis[N-phenyl-N-(2-pyrenyl)amino]biphe- two substituted 8-quinolinolato ligands to the aluminum

nyl atom,
ATA-30 2,6-Bis[N,N-di(2-naphthyl)amine]fluorene 20 O-L is phenolato ligand, and
ATA-3l4,4"-Bis(N,N-di-p-tolylamino)terphenyl L is a hydrocarbon of from 6 to 24 carbon atoms
ATA-32 Bis(N-I-naphthyl)(N-2-naphthyl)amine comprised ofa phenyl moiety.

Overlying the hole transporting layer are the lumi- The advantage of employing an aluminum chelate
nescent layers of the devices. In each pixel a different with two substituted 8-quinolinolato ligands and a
luminescent layer contacts the hole transporting layer 25 phenolato ligand is that all of the desirable physical
in each sub-pixel. A different luminescent layer choice properties of tris(8-quinolinolato)aluminum(III) che-
is required for each hue of emission desired. lates, the preferred green emitting luminophors of or-

At least one luminescent layer preferably employs a ganic EL devices, are retained while emission is shifted
metal oxinoid charge accepting compound satisfying to the blue region of the spectrum.
the formula: 30 The presence of the phenolato ligand is responsible

for shifting emissions to the blue portion of the spec­
trum. As employed herein the term "phenolato ligand"
is employed in its art recognized usage to mean a ligand
bonded to the aluminum atom by the deprotonated

35 hydroxyl group of a phenol.
In its simplest form the phenolato ligand can be pro­

vided by deprononation of hydroxybenzene. Organic
where EL device performance has demonstrated that peak

Me represents a metal, emission at a shorter wavelength than 500 nm and ac-
n is an integer of from 1 to 3, and 40 ceptable device stability (retention of at least a half of
Z represents the atoms necessary to complete an initial luminescent intensity for more than 50 hours) can

oxine nucleus. be realized.
Illustrative of useful chelated oxinoid compounds are In an effort to improve performance, substituted phe-

the following: nols were next investigated. It was observed that me-
COol Aluminum trisoxine 45 thoxy and dimethoxy substituted phenolato ligands
CO-2 Magnesium bisoxine exhibited relatively weak luminescent intensities. Since
CO-3 Bis[benzo{f}-8-quinolinolato] zinc methoxy substituents are electron donating, phenols
CO-4 Aluminum tris(5-methyloxine) were also investigated with strongly e.lectron with-
CO-5 Indium trisoxine
CO-6 Lithium oxine 50 drawing substituents, such as halo, cyano and a-haloal-

kyl substituents. Aluminum chelates with these ligands,
CO-7 Gallium tris(5-chlorooxine)
CO-8 Calcium bis(s-chlorooxine) though luminophors, did not undergo successful vapor
CO-9 Poly[zinc (II)-bis(8-hydroxy-s-quinolinyl)me- phase conversions.

thane] It has been determined that the preferred phenolato
CO-lO Dilithium epindolidione 55 ligands for the aluminum chelates of formula VIII are
CO-II Aluminum tris(4-methyloxine) derived from HO-L phenols, where L is a hydrocarbon
CO-12 Aluminum tris(6-trifluoromethyloxine) of from 6 to 24 carbon atoms comprised of a phenyl

Of the various metal oxinoids, the most highly pre- moiety. This includes not only hydroxybenzene, but a
ferred are the tris-chelates of aluminum. These chelates variety of hydrocarbon substituted hydroxybenzenes,
are formed by reacting three 8-hydroxyquinoline moi- 60 hydrox~naphthalenes and ot~er .fused ring hYdroca~-

. eties with a single aluminum atom. These chelates in- bons. Smce monomethyl substItutIOn of the phenyl mOl-
clude the specifically preferred green emitters alumi- ety shorten emission wavelengths, it is preferred that
num trisoxine [a.k.a., tris(S-quinolinol) aluminum] and the phenolato ligand contain at least 7 carbon atoms.
aluminum tris(s-methyloxine) [a.k.a. tris(5-methyl-S- Generally there is little advantage to be gained by em-
quinolinol) aluminum]. 65 ploying phenolato ligands with very large numbers of

For the construction of luminescent layers that emit carbon atoms. However, investigations of phenolato
in the blue portion of the spectrum it is preferred to ligands with 18 aromatic ring carbon atoms have re-
employ mixed ligand aluminum chelates of the type vealed high levels of stability. Thus, the phenoloato



where L can take any fonn described above and R2 to
R7 represent substitutional possibilities at each of ring

AI-O-L

where
Q and Rs are as defined above and 40
V, L2, L3, L4and L5 collectively contain 12 or fewer

carbon atoms and each independently represent hydro­
gen or hydrocarbon groups of from 1 to 12 carbon
atoms, with the proviso that V and L2 together or L2
and L3 together can form a fused benzo ring. 4S

Although either or both of the 8-quinolinolato rings
can contain substituents other than the steric blocking
substituent, further substitulion of the rings is not re­
quired. It is appreciated further that more than one
substituent per ring can contribute to steric blocking. 50
The various steric blocking substituent possibilities are
most easily visualized by reference to the following
formula:

5,294,869
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ligands preferably contain from 7 to 18 total carbon positions 2 to 7 inclusive of the 8-quinolinolato rings.
atoms. Substituents at the 4, 5 and 6 ring positions are not

Aliphatic substituents of the phenyl moiety of favorably located to hinder sterically the bonding of
phenolato ligand are contemplated to contain from 1 to three 8-quinolinolato nuclei to a single aluminum atom.
12 carbon atoms each. Alkyfphenyl moiety substituents S While it is contemplated that large substituents at the 3
of from 1 to 3 carbon atoms are specifically preferred, or 7 ring positions could provide sufficient steric hin-
with the best overall characteristics having been ob- drance, the incorporation of bulky substituents substan-
served to be produced with methyl substituents. tially increases molecular weight without enhancing
~romatic hydrocarbon substituents of. the phenyl molecular performance and therefore detracts from

~Olety are pref~rably phenyl.or ?aphthyl nngs. Pheny~, 10 overall performance. On the other hand, the 2 ring
dlphenyl and tnphenyl substItution of t~e phenyl. mOl- position is suited to provide steric hindrance, and even
ety h~ve all beet.t observed t~ p!oduce highly desirable a very small substituent (e.g., a methyl group) in one of
orgamc EL device charactenstIcs. th . . . .d ffi' . bl kin

Pheno1ato ligands derived from a or /3 naphthols ese.nng positions pro':l es an e .ectlv~ s~enc.?C g
have been observed to produce aluminumchelates of IS substituent. For s~thetlc ~nvente~ce It 15 speclfica1~y
exceptional levels of stability. A limited degree of emis- prefen:ed that. s.tenc blocking sUbstltue~ts be locat:~ m
sion shifting to shorter wavelengths is also realized, t?e 2 nng. ~~l~ons. As employ~ ~erem the term ~te-
similar to that exhibited by hydroxybenzene derived ~c bl~~g 15 employed to. mdlcat~ that. the R-Q
phenolato ligands. By employing naphtholato ligand li~and .IS mcapable of c::ompetmg for mclUSlon as the
containing aluminum chelates in combination with blue 20 third ltgand of the alummum .atom. . .. .
emitting fluorescent dyes, described below, highly de- Although .the phen~la~o lt~and 15 primarily relted
sirable device constructions are possible. upon. to obtaln blue eIDI~lO~, It has ~n, observed that

From comparisons of ortho, meta and para substi- substltuents to the .8-,qumolm~lato nngs~ ~so ~r-
tuted homologues of the various phenolato ligands it form useful hue shiftmg functions. The qumolme nng
has been determined that little, if any, difference in 2S consists of fused benzo and pyrido rings. When the
performance is attributable to the position on the phenyl pyrido ring component of the quinoline ring is substi-
moiety ring occupied by the hydrocarbon substituent. tuted with one or more electron donating substituents

In a preferred form the aluminum chelates satisfy the the effect is to shift the hue of emission away from the
following formula: green region of the spectrum and toward a more pri-

30 mary blue emission. Electron donating sUbstituents at
(IX) the ortho and para positions of the pyrido ring (that is,

the 2 and 4 positions of the quinoline ring) particularly
influence the hue of emission, while the meta position
on the pyrido ring (the 3 position on the quinoline ring)

35 has a comparatively small influence on the hue of emis­
sion. It is, in fact, recognized that an electron accepting
substituent could, if desired, be located at the 3 ring
position while retaining a blue emission characteristic.
Although steric hindrance is entirely independent of
electron donating or accepting properties and, thus, R2
can in theory take the form of either an electron donat­
ing or accepting group, it is preferred to choose R2from
among electron donating groups. By adding a second
electron donating group R4 a further shift in hue away
from the green portion of the spectrum is achieved. R3,
when present, can take any synthetically convenient
form, but is preferably also electron donating.

It is well within the skill of the art. to determine
whether a particular substituent is electron donating or
electron accepting. The electron donating or accepting
properties of several hundred of the most common
substituents, reflecting all common classes of substitu-
ents have been determined, quantified and published.

(X) SS The most common quantification of electron donating
and accepting properties is in terms of Hammett (T

values. Substituents with negative Hammett (T values
are electron donating while those with positive Ham­
mett (T values are electron accepting. Hydrogen has a

60 Hammett (T value of zero, while other substituents have
Hammett (T values that increase positively or negatively
in direct relation to their electron accepting or donating
characteristics. Lange's Handbook of Chemistry, 12th
Ed., McGraw Hill, 1979, Table 3-12, pp. 3-134 to 3-138,

6S here incorporated by reference, lists Hammett (T values
for a large number of commonly encountered substitu­
ents. Hammett (T values are assigned based on phenyl
ring substitution, but they provide a workable guide for
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-continued

PC-4 Bis(2-methyl·8-quinolinolato)(para-cresolato)­
a1uminum(llI)

PC·S Bis(2.methyl-8-quinolinolatoXortho-phenylpheno.
lato)a1uminum(llI)

23
qualitatively selecting electron donating and accepting
substituents for the quinoline ring.

Taking all factors together, steric blocking, synthetic
convenience, and electron donating or accepting prop­
erties, R2 is preferably an amino, oxy or hydrocarbon 5
substituent. Adequate steric hindrance is provided
when R2 is methyl and is the sole 8-quinolinolato ring
substituent (i.e., each ofR3, R4, RS, R6 and R7is hydro­
gen). Thus, any amino, oxy or hydrocarbon substituent 10
having at least I carbon atom falls within the preview of
preferred substituents. Preferably no more than 10 car­
bon atoms are present in anyone hydrocarbon moiety
and optimally no more than 6 carbon atoms. Thus, R2
preferably takes the form of-R', -OR' or -N(R")R', 15
where R' is a hydrocarbon of from 1to 10 carbon atoms
and R" is R' or hydrogen. Preferably R2 contains 10 or
fewer carbon atoms and optimally 6 or fewer carbon
atoms. 20

R3 and R4 for the reasons set forth above can take a
broader range of forms than R2, but are specifically
contemplated to be selected from among the same
group ofpreferred substituents as R2. Since 3 and 4 ring
position substitution is not required, R3and R4can addi- 25
tionally be hydrogen.

Since 5, 6 or 7 ring position substitution is not re­
quired, RS, R6 and R7 can represent hydrogen. In pre­
ferred forms RS, R6 and R7 can be selected from syn- 30
thetically convenient electron accepting substituents,
such as cyano, halogen, and a-haloalkyl, a-haloalkoxy,
amido, sulfonyl, carbonyl, carbonyloxy and oxycarbo­
nyl substituents containing up to 10 carbon atoms, most
preferably 6 or fewer carbon atoms. 35

The following constitute specific examples of pre­
ferred mixed ligand aluminum chelates satisfying the
requirements of the invention:

40
PC-I Bis(2-methyl.8-quinolinolato)(phenolato)·

a1uminum(lII)

PC·6 Bis(2·methyl-8-quinolinolatoXmeta·phenyl­
phenolato)a1uminum(lII)

45

50

PC-2 Bis(2.methyl-8-quinolinolatoXortho-cresolato)­
a1uminum(lII)

~-o-b

55

60

PC-7 Bis(2-methyl.8-quinolinolato)(para-phenyl­
phenolato)a1uminum(lII)

M-O~)<)

65

PC3 Bis(2.methyl.8-quinolinolato)(meta-cresolato)­
a1uminum(lII)

PC-8 B7is(2-methyl-8-quinolinolatoX2,3-dimethyl.
phenolato)aluminum(lII)



25
-continued

PC-9 Bis(2.methyl-S-quinolinolato(2,6-dimethyl­

phenolato)aluminum(lIl)

PC-lO Bis(2.methyl-S-quinolinolato)(3,4-dimethyl­

phenolato)a1uminum(IlI)

PC-II Bis(2-methyl-S-quinolinolato)(3,5-dimethyl­

phenolato)a1uminum(IlI)

PC-12 Bis(2-methyl-S-quinolinolato)(3,5-di-tert­

butylphenolato)a1uminum(IlI)

PC-13 Bis(2-methyl-S-quinolinolato)(2,6-diphenyl­

phenolato)aluminum(III)

5,294,869
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26
-continued

PC-14 Bis(2·methyl.S-quinolinolato)(2,4.6-tri­

phenylphenolato)aluminum(IlI)

PC-15 Bis(2-methyl.S-quinolinolato)(2.3.6-tri­

methylphenolato)aluminum(IlI)

PC·16 Bis(2-methyl.S-quinolinolato)(2,3.5.6-tetra­

methylphenolato)a1uminum(lIl)

PC-17 Bis(2-methyl.S-quinolinolato)(l-naphtholato)­

aIuminum(lII)

PC-IS Bis(2.methyl.S-quinolinolato)(2-naphtholato)­
aIuminum(lII)
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28
-continued -continued

M-0-CO 5

10

M-O-\ tca,

M-O-\ ) <>

PC-24 Bis(2-methyl-4-cthyl.S-quinolinolato)(para·
cresolato)aIuminum(llI)

PC·26 Bis(2-methyl-5-eyano-S-quinolinolato)-(ortho­
cresolato)aluminum(III)

PC-26 Bis(2·methyl-4-methoxy.S-quinolinolato)-(para·
phenylphenylato)aluminum(lII)

30

25

35
A.-a-{ ) < )

PC·20 Bis(2,4-dimethyl-S-quinolinolato)(para­
phenyJphenolato)aluminum(lII)

PC-19 Bis(2,4-dimethyl.S-quinolinolato)(ortho-phenyl.
phenolato)aIuminum(llI)

PC·21 Bis(2,4-dimethyl-S-quinolinolato)(meta·pheny1­
phenolato)aluminum(lII)

AI-O

40

45

50

NC

PC-27 Bis(2-methyJ·6-trifluoromethyJ·S-quinoJinolato)­
(2-naphthoJato)a1uminum(1II)

PC·22 Bis(2,4-dimethyl-8-quinolinolato)(3,5-dimethyl·
phenoJato)aluminum(lII)

PC-23 Bis(2,4-dimethyl·S-quinolinoJato)(3,5-di.tert·
butylphenolato)aluminum(III)

55

60

Instead of employing a bis(Rs·S-quinolinolato)(­
phenolato)aluminum(III)chelate for blue emission as

65 described above it is alternatively contemplated to em­
ploy for the blue emitting luminescent layer a blue emit­
ting bis(RS-S-quinolinolato)aluminum(III)-JL-oxo-
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bis(R2.g.quinolinolato)aluminum(III) compound. The
use of these compounds in organic EL devices is taught

30

and in a specific preferred form satisfy the formula:

(XII)

(XI)(RS-Qh-AI-o-A1-(Q-RSh

by VanSlyke U.S. Pat. No. 5,151,629. These com· whereQ,RsandR2toR7areaspreviouslydescribedin
pounds broadly satisfy the formula: 20 connection with formulae VIII and X.

The following constitute specific examples of pre·
ferred compounds satisfying formulae XI and XII:

BA·) Bis(2.methyl.8-quinolino!ato)aluminum(III)-,...-oxo-bis(2.methyl-8­

quinolinolato)a1uminum(III)

AI-a-AI

2

BA-2 Bis(2,4-dimethyl-8-quinolinolato)aluminum(III).,...-oxo·bis(2,4-dimethyl-8­

quinolinolato)-a1uminum(III)

2

AI-a-AI

BA·3 Bis(4-ethyl.2.methyl-8-quinolinolato)a1uminum(III)-,...-oxo.bis(4-ethyl.2.

methyl.8-quinolinolato)-a1uminum(III)

AI-a--AI

BA-4 Bis(2-methyl-4-methoxyquinolinoato)aluminum(III).,...-oxo.bis(2.methyl-4­

methoxyquinolinolato).a1uminum(III)
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32

AI-O-AI

BA·S Bis(S-cyano-2.methyl-8-quinolinolato)aluminum(llI)-Il.-oxo-bis(S-cyano-2­
methyl-8-quinolinolato)a1uminum(I1I)

NC
AI-O-AI

CN

BA·6 Bis(2-methyl.S.trifluoromethyl-8-quinolinolato)a1uminum(lII)-Il.-oxo-bis(2­

methyl-S-trifluoro-methylquinoJinolato)a1uminum(llI)

AI-O-AI

The luminescent layer in one set of sub-pixels can
consist of anyone or combination of the blue emitting
compounds of formulae VIII to XII. Instead of employ­
ing the blue emitting compounds alone in the lumines­
cent layer they can be employed as a host for a blue 45
emitting fluorescent dye folJowing the teachings of
Tank et al U.S. Pat. No. 4,769,292, cited above, the
disclosure of which is here incorporated by reference.
Any blue emitting combination of one or more fluores­
cent dyes and one or more compounds satisfying any of 50
formulae VIII to XII can be employed.

In one preferred form of the invention a blue emitting
portion of the organic EL medium contains a formulae
VIII to XII compound as a host and at least one blue
emitting fluorescent dye containing a perylene or ben- 55
zopyrene chromophoric unit. These chromophoric
units require at least 5 fused carbocyclic aromatic rings
and 20 carbon atoms in the aromatic rings. Additional
fused rings do not detract from blue emission can be
contained in the chromophoric unit. It is generally pre- 60
ferred to employ chromophoric units that contain from
20 to 40 ring carbon atoms.

The following is a listing of illustrative compounds
contemplated for use as blue fluorescent dyes contain-
ing a perylene or benzopyrene chromophoric unit: 65

FO-I Perylene

-continued

FO·2 Benzolb]perylene

FO-3 Dibenzo[fg,ijlpentaphene
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-continued -continued

5

10

FD-4 Benzo[alpyrene 15
FD-9 Dibenzo[de,qr]naphthacene

20

25
FD-!O Dibenzo[c,Mnlchrysene

FD-5 Dibenzo[a,elpyrene

These aromatic ring compounds have the advantage
that they can be deposited by vacuum vapor deposition,
similarly as the other components of the organic me­
dium. Since the aromatic compounds noted above rep-

50 resent chromophores in and of themselves, it is not
necessary that other ring substituents be present. How­
ever, many dyes containing aromatic rings as chromo­
phores are conventional, having been originally pre­
pared for use in solution chemistry and therefore having

55 substituents intended to modify solubility and, in some
instances, hue. Various aromatic ring substituents of the
types disclosed by Tang et al U.S. Pat. No. 4,769,292,
cited above, are contemplated.

When one of the blue emitting aluminum chelates
60 noted above is employed in forming a blue emitting

luminescent layer, higher levels of efficiency are real­
ized by having one of the oxinoid compounds of for­
mula VII interposed between the blue emitting lumines­
cent layer and the overlying second electrode. When

65 the blue emitting layer corresponds to the first portion
of the organic EL medium in the devices 100 and 200 or
the first or second portion of the organic EL medium in
the devices 300 and 400, this arrangement is satisfied. In

FD·!! Dibenzo[opq,stu]picene
35

45

40

30

FD-7 Dibenzo[e,l]pyrene

FD·8 Dibenzo[a,h]pyrene

FD·6 Dibenzo[b,h]pyrene
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As taught by Tang et aI, cited above, when a fluores­

cent dye is employed in combination with a host com­
pound, the fluorescent dye is selected to bandgap no
greater than that of the host and a reduction potential

5 less negative than that of the host. Further, the host
compound and the fluorescent dye combination are
chosen so that they are spectrally coupled-that is, the
host compound has a capability when used alone to emit
at a wavelength that corresponds to an absorption

10 wavelength of the fluorescent dye. For optimum cou­
pling it is preferred that the peak emission wavelength
of the host correspond to the peak absorption wave­
length of the fluorescent dye within ± 100 nm, opti-
mally ±25 nm.

The fuorescent dyes can be incorporated in any con­
venient hue shifting amount. Tang et al, cited above,
suggests concentrations in the range of from 10-3 to 10
mole percent, based on the combined amount of host
and dye, but are preferably employed in the lower con­
centrations. Preferred fluorescent dye concentrations
are in the range of from 0.05 to 5 (optimally 0.2 to 3)
mole percent, based on the moles of fluorescent dye and
host.

Although the second electrodes can be formed of any
25 metal or metals (other than an alkali metal) having a

lower (<4.0 eV) work function alone or in combination
with one or more higher (>4.0 eV) work function met­
als, it is preferred that the second electrodes be con­
structed as taught by VanSlyke et al. U.S. Pat. No.

30 4,720,432, the disclosure of which is here incorporated
by reference. In a specifically preferred construction
the second electrodes at their interface with the organic
EL medium contain at least 50 percent magnesium and
at least 0.1 percent (optimally at least 1 percent) of a

35 metal, such as silver or aluminum, having a work func­
tion greater than 4.0 eV. As noted above, after the metal
has been deposited that forms an interface with the
organic EL medium, the second electrodes can be
thickened to increase their conductance without de­
creasing their electron injecting efficiency by deposit­
ing any convenient metal. When a higher (>4.0 eV)
metal is employed for this purpose the stability of the
second electrodes is also increased.

The invention has been described in terms of pre­
ferred embodiments in which both the organic EL me­
dium and the second electrodes are formed in their
desired patterned forms and therefore require no subse­
quent etching or material removal steps for patterning.
Although not preferred, it is recognized that the mate­
rial forming the second electrodes can be uniformly
deposited over the organic EL medium and then pat-
terned by conventional masking and etching tech­
niques. When this approach is taken, the walls 105, 205,
305 and 405 can be omitted, since the sole function of
these walls is to pattern the second electrodes. When
the walls 205 or 405 are omitted, the walls 203 or 403a
and 403b can be continuous walls joining all pixels and
sub-pixels in the same column. Although all of the walls
of devices 200 and 400 are preferably formed in a single
fabrication and hence are preferably of the same height,
it is recognized that the height relationship of the walls
205 to walls 203 or 405 to the walls 403a and 403b can
be the same as the height relationship of walls 105 to
walls 103.

Although pixels have been described as extending
laterally between walls 103 in device 100, 203 in device
200, between walls 303a in device 300, and between
walls 403a in device 400, it is appreciated that pixel
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other arrangements an additional layer can be deposited
to keep the blue emitting aluminum chelates out of
direct contact with an overlying second electrode.

The layers described above are capable of supplying
the blue and green emissions required for full color
imaging. To achieve the additional red emission from
one set of sub-pixels required for full color imaging
either or both of the preferred green and blue emitters
described above can be combined with a conventional
red emitting fluorescent dye. A preferred construction
of this type is disclosed by Tang et al U.S. Pat. No.
4,769,292, cited above, the disclosure of which is here
incorporated by reference.

An organic host material, preferably one of the green
or blue emitting materials described above, is combined 15
with a red emitting fluorescent dye. Although numer­
ous red emitting fluorescent dyes are disclosed by Tang
et al to be useful, it is specifically preferred to select red
emitting fluorescent dyes from among fluorescent 4­
dicyanomethylene-4H-pyrans and 4-dicyanomethylene- 20
4H-thiopyrans, hereinafter referred to as fluorescent
dicyanomethylene pyran and thiopyran dyes. Preferred
fluorescent dyes of this class are those satisfying the
following formula:

wherein
X represents oxygen or sulfur;
RIO represents a 2-(4-aminostyryl) group; and
R 11 represents a second RIO group, an alkyl group, or

an aryl group.
Although X most conveniently represents oxygen or

sulfur, it is appreciated that higher atomic number chal- 40
cogens should provide similar, though bathochromi­
cally shifted, response. The amino group can be a pri­
mary, secondary or terially amino group. In one specifi­
cally preferred form the amino group can form at least
one additional fused ring with the styryl phenyl ring. 45
For example, the styryl phenyl ring and the amino
group can form a five or six membered ring fused with
the styryl phenyl ring. The alkyl group forming R11 is
preferably phenyl. When both RIO and R11 form a 2-(4­
aminostyryl) group, the groups can be the same or dif- 50
ferent, but symmetrical compounds are more conve­
niently synthesized.
Th~ following are illustrative fluorescent dicyano­

methylenepyran and thiopyran dyes:
FD-12 4-(Dicyanomethylene)-2-methyl-6-(p-dime- 55

thylaminostyryl)-4H-pyran
FD-13 4-(Dicyanomethylene)-2-phenyl-6-[2-(9-

julolidyl)ethenyl]-4H-pyran
FD-14 4-(Dicyanomethylene)-2,6-di[2-(9-julolidyl)e-

thenyl]-4H-pyran 60
FD-15 4-(Dicyanomethylene)-2-methyl-6-[2-(9-

julolidyl)ethenyl]-4H-pyran
FD-16 4-(Dicyanomethylene)-2-methyl-6-[2-(9-

julolidyl)ethenyl-4H-thiopyran
As in the case of the blue emitting layers described 65

above, more efficient performance is realized when the
red emitting layer is separated from direct contact with
the overlying second electrodes.
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boundaries have been selected for convenience of de- a second electrode element of each second electrode
scription. Alternatively, each pixel boundary can be means joins and forms a part of a second of the
viewed as being shifted laterally in each row by one sub-pixels of all of the pixels in the same column,
sub-pixel. When the pixel boundaries are so viewed, and
each of the walls 103, 203, 3030 and 4{)3a are still 10- S a set of parallel walls overlying said first electrode
cated at sub-pixel boundaries, but not pixel boundaries; means is positioned between adjacent columns of
however, no actual change in the structure of the de- pixels, said walls being of a height exceeding the
vices has occurred. thickness of the organic electroluminescent me-

The invention has been described in detail with par- dium and capable of shadowing adjacent sub-pix-
ticular reference to preferred embodiments thereof, but 10 els.
it will be understood that variations and modifications 3. A multicolor image display device according to
can be effected within the spirit and scope of the inven- claim 1 further characterized in that a second set of
tion. parallel walls of a height exceeding the thickness of the

What is claimed is: organic electroluminescent medium but less than that of
1. A multicolor image display device comprised of an 15 the walls capable of shadowing adjacent sub-pixels is

array consisting of positioned between adjacent sub-pixels in each pixel of
a plurality of light emitting pixels arranged in two said ftrst set.. . . . .

intersecting sets of parallel files, the pixels in a·first ~. A multtcolor wage. dts~lay devtce accordmg to
set of parallel files forming columns and the pixels clatm 1 further charactenzed m that .
in a second set of parallel files forming rows on a 20 the second electrode means are arranged m parallel
common electrically insulative light transmissive rohws, d 1 od .. d fi rt f
s ort eac secon e ectr e means Joms an orms a pa 0

h u~p 1 '. h fil f f'd fi 'd all of the sub-pixels in a row,
t eptxesmeac teo one 0 sal Irstsetorsat th fi tit d d' alII

second set of parallel files containing and being 25 e llrs e ec ro e means are arrange m par e
.. db rh" fi 1 coumns,
Jome y a comm~n Ig. t transmissive Irst e ec- each first electrode means is divided into at least two
trode means overlymg .sald ~upport,. laterally spaced electrode elements,

the first electrode ~eans m adjacent files bemg later- a first electrode element of each first electrode means
ally sp~ced on said ~upport,. . joins and forms a part of one of the sub-pixels of all

an orgamc electrolummescent .medlUm overlymg the 30 of the pixels in a column,
first electrode means and satd support, a second electrode element of each first electrode

the l?ixels in each file of the other of ~d first set. or means joins and forms a part of a second of the
saId second set ofparallel files contammg and bemg sub-pixels of all of the pixels in the same column
joined by a common second electrode means over- and '
lying said organic electroluminescent medium, and 35 the walls are laterally located between adjacent col-

the second electrode ~eans in. adjacent fil~s being umns of pixels.
later.ally spaced on saId orgamc electrolummescent 5. A multicolor image display device according to
medIUm, claim 4 further characterized in that a second set of

ch~racteri~edin t~at the ~evice is capable of produc- parallel walls is provided, each located between adja-
mg ~ult~colo: Image dIsplay, .. 40 cent rows of pixels, the walls that are located between

each pIxel m saId first set of parallel files of ptxels IS adjacent columns of pixels are each laterally spaced
divided into at least two sub-pixels, from the walls of the second set, and the second elec-

sai.d or¥anic electroluminescent medium in each ,?ix~l trode means in each row of pixels along one edge of the
m saId first set forms at least two areas, each wlthm row overlies one of the walls of the second set and
one sub-pixel of each pixel in said first set and each 45 along the opposite edge of the row is laterally spaced
capable of emitting light of a different hue, from a second of the walls of the second set.

parallel walls are positioned between sub-pixels, said . 6. A multicolor image display device according to
walls being of a height exceeding the thickness of claim 1 further characterized in that the device has a full
the organic electroluminescent medium and capa- color display capability, each of the pixels in said first
ble of shadowing adjacent sub-pixels, and 50 set of parallel files being divided into three sub-pixels,

in said first set one of said first and second electrode the organic electroluminescent medium in one of the
means that is contained in and joins the pixels in sub-pixels in each pixel capable of emitting blue light,

.each of the files of said first set is divided into at the organic electroluminescent medium in the second of
least two laterally spaced electrode elements each the sub-pixels in each pixel capable of emitting green
joining one sub-pixel of each of the pixels in a file. 55 light, and the organic electroluminescent medium in the

2. A multicolor image display device according to third of the sub-pixels in each pixel capable of emitting
claim 1 further characterized in that red light.

the first electrode means are arranged in parallel 7. A multicolor image display device having full
rows, color capability according to claim 6 further character-

each first electrode means joins and forms a part ofall 60 ized in that the organic electroluminescent medium
of the sub-pixels in a row, capable of emitting blue light is comprised of a bis (S-

the second electrode means are arranged in parallel quinolinolato)(phenolato)aluminum(III) chelate or a bis
columns, (S-quinolinolato)aluminum(III)--

each second electrode means is divided into at least -oxo-bis(S-quinolinolato)aluminum(III) chelate.
two laterally spaced electrode elements, 65 8. A multicolor image display device comprised of an

a first electrode element of each second electrode array consisting of
means joins and forms a part of one of the sub-pix- a plurality of light emitting pixels arranged in two
els of all of the pixels in a column, intersecting sets of parallel files, the pixels in a first
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set of parallel files forming columns and the pixels
in a second set of parallel fIles forming rows on a
common electrically insulative light transmissive
support,

the pixels in each me of one of said first set or said 5
second set of parallel files containing and being
joined by a common light transmissive first elec­
trode means overlying said support,

the first electrode means in adjacent fIles being later-
ally spaced on said support, 10

an organic electroluminescent medium overlying the
first electrode means and said support,

the pixels in each fIle of the other of said first set or
said second set ofparallel fIles containing and being 15
joined by a common second electrode means over­
lying said organic electroluminescent medium, and

the second electrode means in adjacent mes being
laterally spaced on said organic electroluminescent
medium, 20

characterized in that the light emitting device is capa­
ble of producing full color image display,

each pixel in said first set of parallel fIles of pixels is
divided into three sub-pixels,

said organic electroluminescent medium in each pixel 25
in said first set forms three areas, each within one
sub-pixel of each pixel in said frrst set and each
capable of emitting light of a different primary hue,

a set of walls is positioned between adjacent files of
pixels and between one of the sub-pixels in each of 30
the pixels in each of the files and the two remainin'g
sub-pixels in each of the pixels in each of the files,
the walls each being of a height exceeding the
thickness of the organic electroluminescent me­
dium and capable of shadowing adjacent sUb-pix- 35
els, and

each electrode means of one of said first set or said
second set of parallel flIes being divided into three
laterally spaced electrode elements each joining
one sub-pixels of each of the pixels in said first set 40
or said second set of parallel flIes.

9. A multicolor image display device according to
claim 8 further characterized in that

the first electrode means are arranged in parallel
rows, 45

each first electrode means joins and forms a part ofall
of the sub-pixels in a row,

the second electrode means are arranged in parallel
columns, 50

each second electrode means is divided into three
laterally spaced electrode elements,

a first electrode element of each second electrode
means joins and forms a part of one of the sub-pix-
els of all of the pixels in a column, . 55

a second electrode element of each second electrode
means joins and forms a part of the second of the
sub-pixels of all of the pixels in the same column,

a third electrode element of each second electrode
means joins and form a part of the third of the 60
sub-pixels of all of the pixels in the same column,
and

the walls are positioned between adjacent columns of
pixels and between one of the sub-pixels and the
two other sub-pixels in each of the pixels in each of 65
the columns, the walls each being of a height ex­
ceeding the thickness of the organic electrolumi-

40
nescent medium and capable of shadowing adja­
cent sub-pixels.

10. A multicolor image display device according to
claim 9 further characterized in that a second set of
parallel walls of a height exceeding the thickness of the
organic electroluminescent medium but less than that of
the walls capable of shadowing adjacent sub-pixels is
positioned between the two other sub-pixels in each
pixel.

11. A multicolor image display device according to
claim 8 further characterized in that

the second electrode means are arranged in parallel
rows,

each second electrode means joins and forms a part of
all of the sub-pixels ina row,

the frrst electrode means are arranged in parallel
columns,

each frrst electrode means is divided into at least three
laterally spaced electrode elements,

a frrst electrode element of each frrst electrode means
joins and forms a part of one of the sub-pixels of all
of the pixels in a column,

a second electrode element of each first electrode
means joins and forms a part of the second of the
sub-pixels of all of the pixels in the same column,

a third electrode element of each first electrode
means joins and forms a part of the third of the
sub-pixels of all the pixels in the same column, and

the walls are positioned between adjacent columns of
pixels and between one of the sub-pixels and the
two other sub-pixels in each of the pixels in each of
the columns.

12. A multicolor image display device according to
claim 11 further characterized in that a second set of
parallel walls is provided, each located between adja­
cent rows of pixels, the walls that are located between
columns are each laterally spaced from the walls of the
second set, and the second electrode means in each row
of pixels along one edge of the row overlies one of the
walls of the second set and along the opposite edge of
the row is laterally spaced from a second of the walls of
the second set.

13. A multicolor image display device according to
claim 8 further characterized in that the device has a full
color display capability, each of the pixels in said frrst
set of parallel mes being divided into three sub-pixels,
the organic electroluminescent medium in one of the
sub-pixels in each pixel capable of emitting blue light,
the organic electroluminescent medium in: the second of
the sub-pixels in each pixel, capable of emitting green
light, and the organic electroluminescent medium in the
third of the sub-pixels in each pixel capable of emitting
red light.

14. A multicolor image display device according to
claim 13 further characterized in that the organic elec­
troluminescent medium capable of emitting blue light is
comprised of a bis(quinolinolato)(phenolato)aluminum­
(III) chelate or a bis(8-quinolinolato)aluminum-­
-oxo-bis(8-quinolinolato)aluminum(III) chelate.

15. A multicolor image display device according to
claim 14 further characterized in that the organic elec­
troluminescent medium capable of emitting green light
is comprised of an aluminum trisoxine and the alumi­
num trisoxine is interposed between the second elec­
trode means and the organic electroluminescent me­
dium capable of emitting blue light.

• • • • •


